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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a compact zoom lens for 
projection which is suitable for a projector device using a prism where 
a liquid crystal panel or a DMD is set as a light valve and whose 
incident side is nearly telecentric. 

SOLUTION: This zoom lens for projection 1 is composed of five 
groups of lenses G1, G2, G3, G4 and G5 being negative, positive, 
positive, negative and positive from a screen side. Furthermore, one 
surface of a lens L1 1 nearest to the screen side is made aspherical, 
whereby the very compact zoom lens where aberration is efficiently 
compensated and which is suitable for a portable projector and 
excellent in image forming performance is provided. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

l.This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** s hows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 

[Claim(s)] , _ , . , . . , . , 

[Claim 1] The zoom lens for projection which has two or more lens groups from which an incidence side 
is the zoom lens for projection which became a tele cent rucksack mostly, and a rear-spring-supporter 
motion differs in a tele edge from a wide angle edge, and is characterized by one [ at least ] field of 
those lenses that constitute the 1st lens group by the side of a screen most being the asphenc surface. 
[Claim 2] It is the zoom lens for projection said whose 1st lens group is an one-sheet configuration in 
clciiffl 1 

[Claim 3] claim 1 ~ setting - the zoom lens for projection of said 1st lens group whose lens by the side 
of a screen is a meniscus lens of the negative refractive power of a convex most at a screen side. 
[Claim 4] In claim 1 sequentially from a screen side Said 1st lens group of negative refractive power, 
The 2nd lens group of forward refractive power, the 3rd lens group of forward refractive power, and the 
4th lens group of negative refractive power, It is the zoom lens for projection in which zooming is 
possible by having the 5th lens group of forward refractive power, fixing said 1st and 5th lens groups, 
and moving the said 2nd, 3rd, and 4th lens groups. 

[Claim 51 The zoom lens for projection with which the synthetic focal distance fwl2 in the wide angle 
edge of said 1st and 2nd lens groups and the synthetic focal distance fw in the wide angle edge of this 
zoom lens for projection fill the following formula in claim 4. 

3<fwl2/fw - [Claim 6] The zoom lens for projection with which the overall length L of this zoom lens 
for projection and the focal distance f2 of said 2nd lens group fill the following formula in claim 4. 
1 4<L/f 2< 1 8 - [Claim 7] The zoom lens for projection with which the focal distance fl of said 1st 
lens group and the focal distance f2 of said 2nd lens group fill the following formula in claim 4. 
0 8<|fl/f2|<l 3 - [Claim 8] Projector equipment which has a zoom lens for projection according to 
claim 1 to 7, and image formation equipment which can supply the image for projection to the incidence 
side of this zoom lens for projection. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the zoom lens for projection of the projector equipment 
which carries out amplification projection of the image displayed on the light valve at a screen. 
[0002] 

[Description of the Prior Art] The outline configuration of the liquid crystal projector of 3 plate type 
general to drawing 1 1 is shown. The zoom lens 1 for projection which projects the image with which the 
image was supplied to the projector equipment 8 in which amplification projection on a screen etc. is 
possible from the incidence side toward a screen, and this zoom lens 1 for projection are equipped with 
the image formation equipment 7 which supplies an image. In the projector equipment 8 which the 
liquid crystal panel 3 is adopted as a light valve of image formation equipment 7 in the case of liquid 
crystal projector equipment, and was shown in drawing 1 1 It has the source 6 of the white light, the 
dichroic mirrors 5R and 5G which separate the color of the light emitted from this light source 6, and the 
liquid crystal panels 3B, 3G, and 3R which are the transparency mold display media (light valve) which 
form the image of red and each color whose color was separated green and blue. After it is led to a 
dichroic prism 2 and color composition is carried out by the reflective mirror 4, incidence of the image 
for projection formed with these liquid crystal panels 3B, 3G, and 3R is carried out to the lens 1 for 
projection. And the image displayed on each liquid crystal light valves 3B, 3G, and 3R is expanded and 
compounded, and image formation is carried out on a screen 9. 

[0003] In order to insert a dichroic prism 2, a long back focus is required for the zoom lens for 
projection (the object for projection, the object for projection, or for projections) used for such a liquid 
crystal projector, namely, - since the dependency of a spectral characteristic top and an incident angle is 
[ the dichroic prism ] large - the configuration by the side of a liquid crystal panel ~ a tele cent - it 
must be made a rucksack beam of light. Moreover, so greatly [ the viewing angle of a liquid crystal 
panel ], when using not only the image formation equipment of the above-mentioned 3 plate type but a 
liquid crystal light valve, since the angular dependence of image quality is large, it is desirable [ the 
incidence side of the lens for projection ] that it is a tele cent rucksack. 

[0004] In recent years, instead of the liquid crystal panel, equipment equipped with two or more 
components which change the reflective direction of light mechanically using a micro machine 
technique, and form an image is put in practical use. DMD (a digital mirror device, a foil deformation 
device, or display) which displays an image is one of them by making a very small mirror plane 
component (micro mirror) correspond to a pixel, arranging in the shape of an array, and controlling the 
include angle of each mirror plane. The image formation equipment which constitutes a pixel from this 
micro mirror has a speed of response quicker than a liquid crystal panel, since a bright image is 
obtained, is small and suitable for realizing high brightness and a high-definition projector. 

[0005] ^ u 

[Problem(s) to be Solved by the Invention] Although examination which miniatunzes a projector further 
and is made into mobile possible size with a personal computer etc. is carried out, for that purpose, in 
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addition to the miniaturization of the panel size of a light valve, the optical system of a projection lens 
etc also needs to be miniaturized. However, between light valves, such as a liquid crystal panel, and a 
projection lens, since the dichroic prism is arranged, a back focus is needed in 3 plate type projector, for 
a long time. In connection with it, the lens length of a projection lens also becomes long and the whole 
optical system does not become small. 

[0006] Moreover, the big projection lens of a field angle is required as the ability of the image projected 
on a screen to be enlarged, therefore the lens of the diameter of macrostomia and what has the biggest 
aperture as a lens by the side of a screen are used especially. This also disagrees with miniaturizing 
optical system, moreover -- for enlarging aperture and raising and a cifcumference_jguantity of light ratio 
also enlarging the aberration engine performance further -- many -- a projection lens needs to consist of 
several lenses. However, by using many lenses, permeability falls as the whole projection lens, weight 
also becomes heavy and cost goes up further. 

[0007] Then, in this invention, a lens configuration is simplified, and while it is compact and sufficient 
back focus needed for a projector is secured further, permeability is high and it aims at offering a zoom 
lens [ that it is highly efficient and low cost ]. 

[Means for Solving the Problem] For this reason, a lens configuration is simplified, and it is still 
compacter and enables it to realize a powerful zoom lens in this invention by [ which constitute the 
zoom lens for projection, or the zoom lens system for projection ] making one field of the lenses by the 
side of a screen into the aspheric surface most. That is, an incidence side is the zoom lens for projection 
which became a tele cent rucksack mostly, and the zoom lens for projection of this invention has two or 
more lens groups from which a rear-spring-supporter motion differs in a tele edge from a wide angle 
edge, and is characterized by one [ at least ] field of those lenses that constitute the 1st lens group by the 
side of a screen most being the aspheric surface. 

[0009] In order [, such as aberration engine performance ] to improve, adopting the lens of the asphenc 
surface is performed from the former, however, the medium among two or more lens groups which 
constitute a lens with the smallest aperture, for example, a projection lens, in order to make the cost rise 
by making it the aspheric surface as small as possible - or the lens by the side of a light valve is most 
made into the aspheric surface. On the other hand, in the zoom lens for projection of this invention, even 
if there are few lenses which are most located in a screen side and with which aperture becomes large, 
one of fields is made into the aspheric surface. Most, since, as for the lens by the side of a screen, 
aperture becomes large, the consistency of the beam of light for projection becomes the smallest. 
Therefore if it is a lens by the side of a screen most, it will become easy to set up the asphenc surface 
which can amend appropriately each beam of light which passes it, and delicate amendment can also be 
made easy For this reason, since the load of other lens groups which constitute the zoom lens for 
projection can be made small, the number of sheets of the lens which constitutes each lens group can be 
lessened and the configuration of the zoom lens for projection can be simplified. Furthermore, the cost 
rise when being able to make small most aperture of the lens by the side of a screen, and making the lens 
into the aspheric surface to which it becomes possible to which to shorten the overall length of the zoom 
lens for projection, and aperture becomes large most can be prevented by simplifying the configuration 
of the zoom lens for projection. 

[0010] Moreover, since aberration amendment can be performed good by adopting the asphenc surtace 
as the 1st lens group, it becomes possible to consider the 1st lens group as an one-sheet configuration. 
And the 1st lens group becomes possible [ reducing cost ] by making into min the number of sheets of 
the lens which constitutes it, although aperture becomes cost high greatly. Furthermore, since the 
number of sheets of a lens with big aperture is reducible, the effectiveness which shortens the overall 
length of the zoom lens for projection is large. Moreover, by reducing the number of sheets of a lens, the 
permeability of the zoom lens for projection becomes high, and a bright zoom lens can be offered. 
[001 1] Furthermore, the thing of the 1st lens group for which the lens by the side of a screen is most 
made into a screen side at the meniscus lens of the negative refractive power of a convex is desirable. By 
adopting a negative meniscus lens, even if it makes the diameter of a lens small, a field angle can be 
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secured widely, and a circumference quantity of light ratio can also be secured. Therefore, while being 
able to prevent the cost rise by aspheric-surface-izing, aperture of other lens groups following the 1st 
lens group can be made small. For this reason, while being able to make the whole zoom lens for 
projection thin in a minor diameter, it is bright and the lens suitable for projecting the image of high 
resolution can be offered by low cost. 

[0012] With the zoom lens for projection of this invention, it goes to an incidence side (cutback side) 
from a screen side (amplification side) further, and is negative-forward-forward-negative. - Constituting 
by five forward lens groups is desirable. Sequentially from a screen side, namely, the 1st lens group of 
negative refractive power, The 2nd lens group of forward refractive power, the 3rd lens group of 
forward refractive power, and the 4th lens group of negative refractive power, It is desirable by having 
the 5th lens group of forward refractive power, fixing the 1st and 5th lens groups, and moving the 2nd, 
3rd, and 4th lens groups to make zooming possible, since it becomes a retro focus mold fundamentally 
by making it arrangement of such refractive power — a very long back focus — securable — an incidence 
side - a tele cent rucksack - or the lens for projection of the condition very near it can be formed. 
Moreover, since the 1st lens group is negative power, the f number is small, is bright and can realize the 
large wide angle zoom lens for projection of a field angle further. Furthermore, when the 2nd and 3rd 
lens groups enable it to move independently, the aberration engine performance is good and the small 
zoom lens for projection can be realized. 

[0013] Furthermore, in this invention, as mentioned above, since the lens by the side of a screen is most 
made into the aspheric surface, it is easy to improve the aberration engine performance. For this reason, 
the zoom lens for projection of five groups with the high aberration engine performance is realizable 
with the simple lens configuration of nine to about ten sheets in all. Moreover, since lens number of 
sheets can be lessened, it can improve and lens length can also shorten the permeability of the zoom lens 
for projection. Furthermore, it becomes lightweight and a manufacturing cost can also be lowered. 
[0014] Therefore, the projector [ which can project a bright clear image ] equipment which was compact 
and was suitable for the cellular phone can be offered by combining the zoom lens for projection of this 
invention, and the image formation equipment which can supply the image for projection to the 
incidence side of this zoom lens for projection. 

[001 5] Furthermore, the f number can offer the zoom lens for projection of the diameter of macrostomia 

by holding down a zoom ratio to about 1.2 times with the compact which is about two. 

[0016] In the zoom lens for projection of this invention, it is still compacter, and in order to offer what 

has many good aberration engine performance, it is desirable for the synthetic focal distance fwl2 in the 

wide angle edge of the 1st and 2nd lens groups and the synthetic focal distance fw in the wide angle 

edge of the zoom lens for projection to fulfill the conditions of the following formula (A). 

[0017] 3<fwl2/fw ... (A) 

If the focal distance fwl2 of composition of the 1st and 2nd lens groups is less than the above- 
mentioned value, the power of the 1st and 2nd lens groups will be too strong, amendment of the 
distortion aberration in a wide angle edge will become imperfection, and distortion will occur. 
[0018] Moreover, it is desirable for the overall length L of the zoom lens for projection and the focal 
distance f2 of the lens group of an account 2nd to fill the following formula (B). 
[0019] 1.4<L/f2< 1.8 ... (B) 

The lens length of the whole zoom lens for projection is mostly determined by the focal distance of the 
2nd lens group which is one of the main variable power groups. Although the overall length of a zoom 
lens becomes short, it becomes impossible to suppress generating of comatic aberration, if less than the 
minimum of a formula (B). On the other hand, although comatic aberration will become very small if 
the upper limit of a formula (B) is exceeded, lens length becomes long and a miniaturization is difficult. 
[0020] Furthermore, the focal distance fl of the 1st lens group and the focal distance f2 of the 2nd lens 
group are important also for filling the following formula (C). 
[0021] 

0.8<|fl/f2|<1.3 ... (C) 

If the upper limit of a formula (C) is exceeded, a back focus Bf becomes short and is not suitable as a 
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lens for projectors (lens for projection). Although a back focus Bf will become long if less than the 
minimum of a formula (C), it becomes impossible on the other hand, to suppress generating of comatic 
aberration. 

[0022] . . , , , 

[Embodiment of the Invention] The optical system of the projector using the zoom lens system 1 lor 
projection (zoom lens for projection) applied to the example 1 of this invention at [example 1] drawing 1 
is shown. This projector 8 explains the whole configuration based on drawing 1 1 previously, and the 
image formed with the liquid crystal panel 3 of each color is compounded with a dichroic prism 2. And 
incidence of the compounded image is carried out to the zoom lens 1 for projection, and it is projected 

on a screen 9. . . . 

[0023] Arrangement of each lens in each condition of the zoom lens 1 for projection is shown in 
drawing 1 Drawing 1 (a) is arrangement of each lens in the wide angle edge which is in the condition 
which carries out an enlarged display, and drawing 1 (c) has shown the tele edge which is reference 
condition, and arrangement [ in / further / in drawing 1 (b) / those medium ]. The zoom lens 1 for 
projection of this example is constituted from the screen 9 side by five lens groups Gl and G2, G3, and 
nine lenses LI 1-L51 by which grouping was carried out to G4 and G5. The detail of each lens is as 
having been shown below. And it is the lens in which zooming is possible from a wide angle edge to a 
tele edge further the distance d7 of the distance [ of the distance / of the 1st and 2nd lens groups / d2, 
2nd, and 3rd lens groups ] d4, 3rd, and 4th lens groups, and by changing the distance dl4 of the 4th and 
5th lens groups. . 

[0024] The 1st lens group Gl by the side of a screen is most constituted by the meniscus lens LI 1 ol the 
negative power of a convex at the screen side equipped with negative refractive power. Furthermore, the 
field S2 by the side of the incidence 2 of this lens LI 1, i.e., a dichroic prism, is the aspheric surface. 
[0025] The 2nd lens group G2 is a lens group which moves at the time of zooming, and is constituted by 
the convex lens equipped with forward refractive power. It is the lens group which 3rd lens group G3 
also moves at the time of zooming, the whole is equipped with forward refractive power and consists of 
negative meniscus lenses L32 of a convex sequentially from a screen side at the positive lens L31 of 
both convexes, and an incidence side, and it is together put so that these lenses L31 and L32 may serve 

as a doublet (balsam). . 
[0026] The 4th lens group G4 is also a lens group which moves at the time of zooming, and is a lens 
group which the whole equipped with negative refractive power. It consists of forward meniscus lenses 
L44 of a convex at the negative lens L42 and the convex lens L43, and the incidence side at the 
incidence side which makes the negative meniscus lens L41 of a convex, and a doublet from a screen 
side to a screen side at order. The last lens group G5 is constituted by the convex lens L51 in forward 
refractive power. 

[0027] As explained previously, the lens 1 of such negative and the forward one, and 5 forward, 
negative, and forward group configurations is a lens which combined the retro focus, and is a 
configuration in which a back focus tends to use an incidence side as a very long tele cent rucksack. 
[0028] Furthermore, by making a motion which is different in G5 from these lens groups Gl perform, it 
is possible to carry out zooming, by this example, the 1st lens group Gl and the 5th lens group G5 are 
fixed and the 2nd lens group G2, 3rd lens group G3, and the 4th lens group G4 are moved. Especially, 
in this example, zooming is carried out by moving the 2nd lens group G2, 3rd lens group G3, and the 4th 
lens group G4 in the uniform direction from a wide angle edge toward a screen 9 side toward a tele 

[0029] the zoom lens 1 for projection of this example performs focusing -- most, the lens LI 1 by the 
side of a screen is the one-sheet configuration of the negative meniscus lens of a convex, and is turning 
the field S2 by the side of incidence on the screen side further in the aspheric surface. First, since the 
aspheric surface is adopted as a lens LI 1, aberration can be amended good. The lens LI 1 by the side of a 
screen is a lens with the biggest aperture in a zoom lens 1, its area is also especially the largest, and the 
consistency of the beam of light which passes this becomes the lowest. Therefore, the amendment which 
suited the situation of each beam of light is easy, and aberration can be amended very good. For this 
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reason, it becomes possible to consider the 1st lens group as an one-sheet configuration. By considering 
the lst'lens group Gl with big aperture as an one-sheet configuration, a manufacturing cost can be 
lowered substantially. 

[0030] In order to lower a manufacturing cost conventionally, on the other hand it asphenc-surtace-ized 
the lens with small aperture and the improvement of aberration was in drawing, with the zoom lens of 
this example, a lens with big aperture is aspheric-surface-ized, and an extensive improvement of 
aberration is in drawing. Therefore, although the aspheric-surface-ized cost of the lens itself becomes 
high, since the number of sheets of the lens which constitutes the 1st lens group Gl can be reduced, and 
the number of sheets of the lens which constitutes other lens groups can be reduced as shown further 
below it is the design with on the contrary [ in cost ] many merits. Thus, with the zoom lens of this 
invention, it faces adopting the aspheric surface and differs in the way of thinking as the former, and by 
making the most of the effectiveness of the aspheric surface in a lens with big aperture, aberration 
amendment is good and has realized the further very compact zoom lens so that this description may 
exolsin 

[0031] Constituting the 1st lens group Gl from one lens has many merits besides cost. Although the 
effect to a lens overall length will also become large if curvature becomes large, since the lens with big 
aperture is an one-sheet configuration with the zoom lens of this example, effectiveness is to shorten the 
overall length of a zoom lens. Moreover, by reducing the number of sheets of a lens, the permeability of 
a lens system can improve and can obtain a bright zoom lens. 

[0032] In addition, the lens LI 1 is made into the negative meniscus lens of a convex by this example at 
the screen side aspheric-surface-ized. By making it this type of lens, a big field angle is securable to the 
diameter of a lens. Moreover, it is also the configuration that circumference quantity of light ratio 
sufficient with the small diameter of a lens is securable. For this reason, very thinly as a small zoom lens 
for projection, a path is a thin configuration and can realize a zoom lens [ it is small, and is bright and 
wide angle the f number ]. Therefore, while aspheric-surface-izing a lens with the biggest aperture, it is 
possible to make aperture of the lens small, there is a cost merit more, and it has become a compact 

zoom lens. . , . . . _ 

[0033] Thus making the lens LI 1 of the 1st lens group Gl into the aspheric surface, and improving the 
aberration engine performance affects not only the 1st lens group but other lens groups. In this example, 
in the 2nd lens group G2, since two sheets and the 5th lens group G5 can amend aberration very good 
with the lens LI 1 of focusing like one sheet, its load to aberration amendment of each lens group 
decreases and one sheet and 3rd lens group G3 can simplify all the configurations of a zoom lens 1. 
Therefore, this example has realized the lens system 1 of five groups with a very simple configuration 

called nine lenses at all. J , ■ u * *v 

[0034] Furthermore, it becomes lightweight, while becoming short and becoming compact about the 
overall length of a zoom lens 1 as well as becoming economical by reducing the lens number of sheets 
which constitutes a zoom lens 1. And since the permeability of the whole zoom lens 1 also improves, a 
bright, compact, and lightweight zoom lens can be realized and the suitable zoom lens of the projector of 
the pocket mold with which development is recommended wholeheartedly can be offered now. 
[0035] Moreover, in the zoom lens 1 of five groups of this example, it is still compacter, and in order to 
offer what has a good aberration property, it is desirable to fulfill the conditions of the formula (A) 
mentioned above, (B), and (C). For this reason, the zoom lens 1 for projection of this example is 
designed so that those conditions may be fulfilled. 

[0036] In the lens data shown below, the radius of curvature (mm) of each lens with which n was 
located in a line in an order from the screen side, the distance between each lens side where di was 
located in a line in an order from the screen side (mm), the refractive index (d line) of each lens with 
which ni was located in a line in an order from the screen side, and nui show the Abbe number (d line) 
of each lens located in a line in an order from the screen side. Moreover, a synthetic focal distance [ in / 
f and / in fw / the wide angle edge of the projection lens 1 ], a synthetic focal distance [ in / 1 / il focal 
distance / of 1st lens group Gl / and f2, and / in fwl2 / the wide angle edge of the 1st and 2nd lens 
groups ], and L show a back focus [ in / overall-length / of zoom lens 1 /, and FNo, and / in Bfw / wide 
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angle edge ] (mm). [ the synthetic focal distance of the projection lens 1 ] [ focal distance of 2nd lens 
group G2 ] [ the f number ] Moreover, inf in data shows the field of prism and it is shown that ASP is 
the aspheric surface. 

iridilritn °145 54 1.40 1.48749 70.4 Lens Lll 2 : 16.18ASP d2 3 22.67 4.10 1.64769 33.8 Lens L21 
4 • 240 05 d4 5 - 38 88 3.42 1.67003 47.2 Lens L31 6 : -54.53 1.20 1.84666 23.8 Lens L32 7 : 1271.34 
d7 8 28 25 1 50 1 53172 48.8 Lens L41 9 : 19.204.0010:-12.00 1.74 1.84666 23.8 Lens L421 1: 88.16 
6 90 1 49700 81 6LensL4312: -17.85 0.2013 : -143.17 4.47 1.83400 37.3 LensL4414: -29.84 dl415: 
76 625 04 1 83500 43 0 Lens L5116: -70.92 5.2917: inf 29.201.51680 64.2 Prism 18: inf the aspheric 
surface of a field 2 (lens Lll) -- counting K=0.00000A= -0.145800x10-4 B=-0.558070xlO-7C= 
0 615709x10-10 D= -0.1 19603x10-1 1, however the aspheric surface type are as follows, 
x = (y2/r)/[l+{l-(l+K)(y2/r2)}l/2 ] 
+ Av4 +By6 +Cy8 +Dyl0 ... (3) 

Wide angle edge Medium Tele edge f 28.0 30.76 33.6Fno 2.0 2.3d 2 10.92 8.74 6.98d 4 7.78 5.02 
1.81d7 7.27 10.53 13.77dl4 0.60 2.28 The numeric value when ****(ing) these lens spacmg in location 
of 2.4m from the head of a lens which is 4.00 is shown. 

r0037] Many numeric values of the projection zoom lens of this example are as follows. 

fw = 28.0fl =-37.36f2 = 38.13fwl2=145.66L = 60.54Bfw = 31.99 (inside of air) 

The parameter defined as the above-mentioned formula (A), (B), and (C) is as follows. 

Formula (A) fwl2/fw= 5.2 formulas (B) L/f2 = 1.59 formulas (C) fl/f2 = The zoom lens 1 for projection 

of the example of 0.98 of the path of the lens LI 1 by the side of a screen is dramatically as small as 

about 30mm, and its overall length L of a zoom lens 1 is dramatically as the smallest still as about 

60mm However though it is such a compact zoom lens as mentioned above, it is 1.2 times the scale 

factor (zoom ratio) of this, and the f number serves as about 2 and a very bright zoom lens m the wide 

angle edge. Furthermore, as shown in drawing 2 thru/or drawing 5 , many aberration is also amended 

very good and an image it is bright and clear and big can be projected. 

[0038] The spherical aberration in a wide angle edge (a), a tele edge (c), and medium (b), the 
astigmatism, and distortion aberration of this zoom lens for projection are shown in drawing 2 . 
Furthermore transverse aberration drawing has shown a wide angle edge ( drawing 3 ), a tele edge 
( drawing 5 j and middle ( drawing 4 ) spherical aberration to drawing 3 thru/or drawing 5 . Spherical 
aberration shows the aberration in each wavelength of 620.0nm (broken line), 55O.0nm (continuous 
line) and 470 Onm (alternate long and short dash line). Moreover, in astigmatism transverse aberration 
draw'ing the aberration of a tangential beam of light (T) and a sagittal ray (S) is shown, respectively. 
[0039] As shown in these drawings, the longitudinal aberration of the zoom lens 5 for projection of this 
example goes into a tele edge from a wide angle edge in a rear spring supporter and the range of about 
about **0.1mm, and this aberration engine performance is a zoom lens for projection conventional tele 
cent rucksack type, and it is more than the highly efficient zoom lens of an about ten-sheet 
configuration. Therefore, the zoom lens for projection of this example is dramatically compact as 
mentioned above, and further, although the whole is a nine-sheet configuration and a simple lens 
configuration, it turns out that the aberration engine performance is dramatically excellent. Moreover, it 
is not inferior even if it excels the zoom lens of the conventional about ten-sheet configuration like 
longitudinal aberration also in the chromatic aberration of magnification and distortion aberration. 
Furthermore, transverse aberration goes into a tele edge from a wide angle edge m a rear spring 
supporter and the range of about about **0.03mm. Therefore, the transverse aberration engine 
performance also serves as a zoom lens for projection with the dramatically good and sufficient engme 
performance in which the flare (coma flare) under the effect of comatic aberration hardly appears. 
[0040] Therefore, the balance of the power of a lens group is satisfied with a lens configuration which 
mentioned above the zoom lens for projection of this example of the monograph affair of a formula (A), 
a formula (B), and a formula (C) further. For this reason, the aberration amendment with a good rear 
spring supporter is made to the whole zoom field. And the back focus Bfw bright at a wide angle is also 
fully large, and an incidence side is the zoom lens for projection of a tele cent rucksack. Therefore, the 
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zoom lens 1 for projection of this example uses a liquid crystal panel or DMD as a light valve, in a 
dichroic prism or TIR prism, in order to generate a color picture, it fits projector equipment, and it 
becomes possible [ packing these whole projector equipment into a compact very thinly ]. Moreover, 
since an incidence side is a tele cent rucksack, the zoom lens for projection of this example has few 
dependencies by the direction of a beam of light. Therefore, an optical element with the angular 
dependence of the prism of not only a dichroic prism but others etc. is used, and it is suitable also for 
projector equipment equipped with the image formation equipment which compounds or forms and 
supplies the image for projection, and it becomes possible to collect into the size which can carry such 
projector equipment. . 
[0041] The optical system of the projector using the method zoom lens 1 of projection applied to the 
example 2 of this invention at [example 2] drawing 6 is shown. It is shown in drawing 6 like drawing 1 
focusing on each lens arrangement in a wide angle edge, medium, and a tele edge. The zoom lens 1 for 
projection of this example is also constituted from the screen 9 side by five lens groups Gl and G2, G3, 
and 12 lenses LI 1-L51 by which grouping was carried out to G4 and G5. Each lens data is as having 
been shown below, although the configuration of each lens group of the zoom lens 1 for projection of 
this example is almost the same as the example mentioned above the 4th lens group G4 -- the lens by 
the side of a screen is most replaced with a doublet, and the 4th lens group G4 is made the five-sheet 
configuration. For this reason, the zoom lens 1 for projection of this example is constituted by ten lenses 

in all. ... , , . 

[0042] In addition, the following lens data and many aberration drawings are shown by the same 

approach as the previous example 1 . 

Lens data (No.2) 

i ri di ni vil • 194.50 1.50 1.48749 70.4 Lens L112: 17.32 (ASP) d23: 27.27 4.05 1.71736 29.5 Lens 
L214- 652 44 d45- 46.75 4.20 1.72342 38.0 lenses L316: -34.68 1.30 1.74077 27.8 Lens L327: 200.04 
d78- 22 72 3 00 1 49700 81.6 Lens L419: 172.92 1.301.74077 27.8 Lens L4210: 21.30 4.20 11 : -14.19 
1 20 1 84666 23 8 lenses L4312: 52.11 7.20 1.49700 81.6 Lens L441 3: -18.36 0.20 14 : -373.88 4.45 
L83500 43.0 Lens L4515: -34.22 dl516: 66.55 4.85 1.80518 25.5 Lens L5117: -101.05 5.00 18:inf 
30.00 1 .51680 64.2 Prism 19: the field 2 by the side of the incidence of the lens LI 1 with which the 
zoom lens 1 for projection of the example of an inf book also constitutes the 1st lens group Gl - the 
aspheric surface ~ becoming - **** - the aspheric surface - the counting is as follows. 
K=0.00000A=-0. 132099x1 0-4 B=-0.523408xl0-7C= 0.1 18988x10-9 D=-0.91 1028x10-12, however an 
aspheric surface type are as the above-mentioned formula (3). 
[0043] The travel in a wide angle, medium, and a tele edge etc. is as follows. 
[0044] 



f 28.0 31.04 33.6 

Fno 2.0 2.3 

<J2 14.83 12.12 10.23 

d4 8.02 4.86 1.81 

d7 3.69 7.05 9.88 

dl5 0.80 3.30 5.42 



Moreover, these lens spacing has shown the numeric value when ****(ing) in location of 2.4m from the 
head of a lens. 

[0045] Many numeric values of the projection zoom lens of this example are as follows. 

fw = 28.0A =-38.99f2 = 39.28fwl2=106.84L = 64.79Bfw = 30.89 (inside of air) 

The parameter defined as the above-mentioned formula (A), (B), and (C) is as follows. 

Formula (A) fwl2/fw= 3.81 formulas (B) L/f2 = 1 .65 formulas (C) fl/f2 = The zoom lens 1 for 

projection of the example of 0.99 of the path of the lens LI 1 by the side of a screen is dramatically as 

small as about 30mm, and its overall length L of a zoom lens 1 is dramatically as the smallest still as 
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about 65mm. And though the zoom lens of this example is also a compact zoom lens, it is 1.2 times the 
scale factor (zoom ratio) of this, and the f number serves as about 2 and a very bright zoom lens in the 
wide angle edge. Furthermore, as shown in drawing 7 thru/or drawing 10 , many aberration is also 
amended very good and an image it is bright and clear and big can be projected. 
[0046] The spherical aberration in a wide angle edge (a), a tele edge (c), and medium (b), the 
astigmatism, and distortion aberration of this zoom lens for projection are shown in drawing.! . 
Furthermore, transverse aberration drawing has shown a wide angle edge ( drawingj? ), a tele edge 
( drawing 10 ), and middle ( drawing 9 ) spherical aberration to drawing^ thru/or drawing 10 . As 
shown in these drawings, the longitudinal aberration of the zoom lens 5 for projection of this example is 
needed for a rear spring supporter and the range of less than about **0.1mm from a wide angle edge at a 
tele edge, and serves as a lens with the still more sufficient aberration engine performance to the above- 
mentioned zoom lens. Moreover, transverse aberration goes into a tele edge from a wide angle edge 
again in a rear spring supporter and the range of about about **0.02mm. Therefore, the transverse 
aberration engine performance also serves as a zoom lens for projection with the dramatically good and 
sufficient engine performance in which the flare (coma flare) according [ on the zoom lens 1 of this 
example or ] to the effect of comatic aberration hardly appears. 

[0047] As the gestalt of these operations explained, the zoom lens for projection of this example is a 
zoom lens of 5 group configurations which made the aspheric surface the incidence side of the lens Lll 
which constitutes the 1st lens group Gl most located in a screen side, and although there is little whole 
configuration number of sheets as nine to ten sheets, the aberration engine performance is dramatically 
good and it is the zoom lens with which the incidence side became a tele cent rucksack further. 
Furthermore, the size of the whole zoom lens for projection becomes very compact with about 65mm 
from the diameter of about 30mm, and die length 60. Although only the whole surface of the lens by the 
side of a screen is most made into the aspheric surface in these examples, of course, it is also possible to 
make both sides into the aspheric surface. However, it is compact in this way by aspheric-surface-izing 
one field, and since the zoom lens of high performance can be offered, if profitability is taken into 
consideration, sufficient effectiveness can be acquired by aspheric-surface-izing an one field and 
incidence side with an especially small area. 
[0048] 

[Effect of the Invention] As explained above, the zoom lens for projection of this invention can perform 
aberration amendment efficiently with little lens configuration by [ of the focusing glass most located in 
a screen side ] making the whole surface into the aspheric surface at least. Therefore, a zoom lens with 
the sufficient aberration engine performance and the sufficient **** engine performance can be 
obtained. Aperture becomes possible [ realizing a zoom lens with very as compact die length as about 60 
to 65mm ] by about 30mm with the zoom lens with which negative, forward, forward, and the input side 
that has arranged the lens of five negative and forward groups became a tele cent rucksack especially, 
and even if the about ten-sheet configuration of the **** engine performance is large-sized in the 
conventional diameter of macrostomia and it excels the zoom lens for projection of high performance, it 
is not inferior. Furthermore, while becoming compact by making configuration number of sheets 
reducible, it can become economical, weight can also be reduced and permeability can offer the bright 
high zoom lens for projection further. Moreover, a field angle is also fully large and a circumference 
quantity of light ratio can also fully be secured. 

[0049] Furthermore, by making power allocation of the 1st and 2nd lens groups into the suitable range, 
it is still compacter and the zoom lens for projection also with the very good aberration engine 
performance is realized. Therefore, the projector equipment which can project the image of high 
resolution brightly can be offered by adopting the zoom lens for projection of this invention. And 
projector equipment becomes collecting into a compact very is possible and possible [ providing as 
projector equipment of a full-scale pocket mold ]. 
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